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ABSTRACT  
 
The aim of this study was to determine the diversity of the sex-determining region Y (SRY) gene in Madura cattle bulls that had specifically 
selected for the production of frozen semen. DNA was isolated from the whole blood derived from 5 Madura cattle bulls. The SRY gene 
amplification was carried out using polymerase chain reaction (PCR) with SRY-4 as a primer followed by DNA sequencing and BLAST analysis 
to find out nucleotid variation and to construct filogenetic tree between Madura cattle bulls. Results revealed the proximity of the Madura cattle 
SRY genes to the Bos indicus SRY genes, furthermore this study also proved the existence of variation in Madura cattle SRY gene caused by 
mutation and deletion of nucleotides. It was concluded that the variations in Madura cattle SRY genes still persist even in the specifically selected 
populations with similar phenotype. 
____________________________________________________________________________________________________________________ 
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ABSTRAK 
 
Tujuan penelitian ini adalah mengetahui keragaman gen SRY pada sapi Madura jantan yang telah diseleksi untuk produksi semen beku. 
Amplifikasi gen SRY dilakukan melalui PCR dengan primer SRY-4 dari isolat DNA yang berasal dari darah utuh 5 ekor sapi Madura jantan 
yang dilanjutkan dengan pengurutan DNA dan analisis menggunakan BLAST untuk mengetahui variasi nukleotid dan membangun pohon 
filogenetik antar sapi Madura jantan. Hasil penelitian menunjukkan kedekatan gen SRY sapi Madura terhadap gen SRY Bos indicus dan terdapat 
keragaman pada gen SRY antar sapi Madura berupa mutasi dan delesi nukleotida walaupun dalam jumlah yang rendah. Penelitian ini 
menunjukkan keragaman pada gen SRY masih bisa terjadi pada sapi Madura meskipun telah diseleksi secara khusus dalam aspek fenotip yang 
sama. 
____________________________________________________________________________________________________________________ 
Kata kunci: sapi madura, keragaman SRY, analisis sekuensi 
 
 
INTRODUCTION 
 
Sex-determining region Y (SRY) gene has been 
known as testes genes and male sex determination factor. 
It was haplotypes and no recombination occurs during 
meiosis made it conserved and only inherited by the 
male lineage (Liu and Ponce de Leon, 2007). Moreover, 
the SRY gene diversity was reported low due to the slow 
rate of mutation (Mburu and Hanotte, 2005). Although 
genetic diversity of SRY gene was fairly low, SRY gene 
has a high enough diversity between species, has made it 
widely used to determine the origin of modern livestock 
from the sire lineage based on its proximity between 
species (Syed-Shabtar et al., 2013). 
The diversity of genes, including the SRY gene 
would be exists in a natural population. Previous study 
has shown variations of SRY gene in one of Indonesian 
indigenous cattle species actually exist (Winaya et al., 
2012). Similar research might be useful to observe the 
SRY gene variation in another indigenous cattle 
especially Madura breed that have been selected for 
frozen semen productions. Therefore, the aim of this 
research was to study the diversity of the SRY gene on 
the Madura cattle stud which has been selected for the 
frozen semen productions. 
 
MATERIALS AND METHODS 
 
The animals used in this study were 5 Madura cattle 
bulls that have been selected for frozen semen 
production in artificial insemination center in 
Singosari, Indonesia. The five bulls used in this study 
have passed the bull soundness examinations and have 
declared eligible as a stud and produce normally.  
 
DNA Preparation 
The DNA was isolated from the whole blood of five 
Madura cattle bulls by chloroform: Isoamyl-alcohol 
methods described by Sambrook et al. (1989). DNA 
amplification was carried out by PCR with primers of 
SRY-4: 5 '- GCC TGG ACT TTC TGC TTG TTA - 3' 
and reverse 5 '- ACA GTG GGA GAC AAA ACA 
TAT - 3' for Bos javanicus (Verkaar et al., 2003). All 
the stages from the DNA isolation to PCR was 
performed at Laboratory of Molecular Biology, 
University of Brawijaya while DNA sequencing was 
performed by Apical Scientific Sdn. Bhd.  
 
Sequence Analysis 
The NCBI-BLAST (http://blast.ncbi.nlm.nih.gov/ 
Blast.cgi#) sequence analysis was performed to compare 
sequences between bulls and species comparison by the 
alignment and build a phylogenetic tree.  
 
RESULTS AND DISCUSSION 
 
Y chromosome genes in male-specific region of 
the Y chromosome (MSY) did not recombine during 
meiosis, therefore the diversity within a species were 
relatively very small due to the low rate of mutations in 
Koko Wisnu Prihatin et al. 
 
102 
Y chromosome genes, including SRY (Mburu and 
Hanotte, 2005; Nijman et al., 2008). Despite a low 
diversity within species, the SRY gene has a high 
diversity between species. For that reason, the SRY 
was widely used to determine an individual's genetic 
proximity into species level (Syed-Shabtar et al., 2013). 
Madura cattle breeds was believed a croosbreed of 
two species of Bos indicus and Bos javanicus although 
phenotypically closer to the Bos indicus characterized 
by hump owned (Payne and Rollinson, 1976). Paternal 
lineage of Madura cattle was believed to have 
originated from Bos indicus (Nijman et al., 2003; 
Mohamad et al., 2009) while the maternal lineage 
originated from Bos javanicus (Kikkawa et al., 2003) 
although Verkaar et al. (2003) also reported that Bos 
javanicus Y chromosome has found in some Madura 
cattle bulls.  
SRY gene was always being inherited through the 
paternal lineage; therefore, it can be used to trace the 
origins of a species from its proximity. The SRY-4 
amplification in our study produced the 580 bp of 
Madura cattle bull SRY sequences. The BLAST 
phylogenetic analysis showed that the SRY gene of our 
Madura cattle bull were close to the Bos indicus SRY 
gene rather than Bos javanicus (Figure 1), despite of 
the primers used for DNA amplification derived from 
Bos javanicus SRY. On the subject of paternal lineage, 
these results were similar to those reported previously 
by Nijman et al. (2003) and Mohamad et al. (2009). 
This study indicated that the Madura cattle bull in our 
study has a paternal lineage derived from Bos indicus. 
In spite of Madura bull SRY gene had a proximity 
to Bos indicus DQ 336527.2, the sequence alignment 
showed the difference in the base number 1815 ~ 1817; 
2372; and 2389 between Madura bull and Bos indicus 
DQ336527.2. The diversity of SRY gene was found in 
the form of A-C mutations in 1815 bp; C-T at 2372 bp; 
and G-A at 2389 bp that known as a SNP. Beside the 
mutations, the deletion also found in 1816 ~ 1817 bp of 
SRY Madura cattle bulls compared to the reference 
SRY (Figure 2). 
The diversity of the SRY gene can be occurred due 
to mutations, alterations and micro deletion (Mukherjee 
et al., 2013). The sequences analysis showed the 
deletion and mutation were exist in Madura bull SRY 
gene, indicating the diversity of SRY gene within 
Madura bulls (Figure 3). Based on our results, adenine 
deletion was found in 31 bp of bull number-30 while 
 
 
Figure 1. The phylogenetic tree based on the SRY gene of 5 Madura bull, Bos javanicus, Bos indicus and Bos taurus by the Fast 
Minimum Evolution Method Slanted Models. DQ 336527.2= Bos indicus, DQ 336528.2= Bos javanicus, DQ 336526.2= Bos Taurus, S.26, 
29, 30, 33, and 35= Madura bulls 
 
 
 
Figure 2. SRY Madura bulls compared to reference SRY DQ 336527.2 
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the T-C mutation was found in 575 bp of bull number-
26. The rest, the bull number-29 has the uniform 
sequences to the bull number-33 and 35.  
SRY gene was known as testis forming genes that 
control the male sex differentiation (Li et al., 2014). 
The diversity of the SRY gene due to mutation and 
deletion were associated to infertility and genital 
developmental disorders symptoms (DSD syndrome) in 
the form of hermaphroditism (Lu et al., 2013). 
However, in this study the mutations and deletion could 
be found also in the SRY gene of stud with normal 
semen production. Nonetheless, it is very important to 
learn more about the diversity that found in the SRY 
gene of Madura cattle.   
 
CONCLUSION 
 
The proximity of the Madura cattle SRY gene to the 
Bos indicus SRY gene has shown the patrilineal 
relationship of zebu to Madura cattle. The specific 
selection for the frozen semen productions purposes 
was made the phenotypic uniformity amongst the bulls 
inside AI stations, nevertheless the diversity still 
occurred in the molecular levels that shown by the 
deletion and mutation in the SRY gene. Moreover, the 
diversity of SRY gene can lead the phylogenetic study 
to reveal the patrilineal ancestor of the modern Madura 
cattle. 
 
REFERENCES 
 
Kikkawa Y., T. Takada., Sutopo, K. Nomura, T. Namikawa, H. 
Yonekawa, and T. Amano. 2003. Phylogenies using mtDNA and 
SRY provide evidence for male-mediated introgression in Asian 
domestic cattle. Anim. Genet. 34:96-101. 
Li Y., M. Zheng, and Y.C. Lau. 2014. The sex-determining factors 
SRY and SOX9 regulate similar target genes and promote testis 
cord formation during testicular differentiation. Cell Reports 
8:723-733. 
Liu, W.S. and F.A. Ponce deLeón. 2007. Mapping of the bovine Y 
chromosome. Electron. J. Biol. 3(1):5-12. 
Lu, L., F. Hu, and S. Ge. 2013. Investigation on azoospermia factor 
(AZF) microdeletion and sex-determining region Y (SRY) of the 
Y chromosome in male infertility. J. Reprod. Contracept. 
24(2):88-94. 
Mburu, D. and O. Hanotte. 2005. A Practical Approach to 
Microsatellite Genotyping with Special Reference to 
Livestock Population Genetics. ILRI Biodiversity project. 
ILRI, Kenya.  
Mohamad, K., M. Olsson, H.T.A. van Tol, S. Mikko, B.H. Vlamings, 
G. Andersson, H. Rodriguez-Martines, B. Purwantara, R.W. 
Paling, B. Colenbrander, and J.A. Lenstra.   2009. On the Origin 
of Indonesian Cattle. PLOS ONE. 4(5):e5490. Doi: 
10.1371/journal.pone.000549010.1371. 
Mukherjee, A., G. Dass, J. Mohanarao, M. Gohain, B. Brahma, T.K. 
Datta, and S. De. 2013. Absolute copy number differences of Y 
chromosomal genes between crossbred (Bos taurus × Bos 
indicus) and Indicine bulls. J. Anim. Sci. Biotechnol. 4(1):1-7.  
Nijman, I.J., D.C.J. van Boxtel, L.M. van Cann, Y. Marnoch, E. 
Cuppen, and J.A. Lenstra. 2008. Phylogeny of Y-chromosomes 
from bovine species. Cladistics. 24(5):723-726. 
Nijman, I.J., M. Otsen, E.L. Verkaar, C. deRuijter, E. Hanekamp, 
J.W. Ochieng, S. Shamsaad, J.E. Rege, O. Hanotte, M.W. 
Barwegen, T. Susilawati and J.A. Lenstra. 2003. Hybridization 
of banteng (Bos javanicus) and zebu (Bos indicus) revealed by 
mitocondrial DNA, satelite DNA, AFLP and microsatellite. 
Heredity. 90(1):10-16. 
Payne, W.J.A. and D.H.L. Rollinson, 1976. Madura cattle, Z. 
Tierzuch. Zu. Chtsbiol. 93:89-100. 
Sambrook, J., E.F. Fritsch, and T. Maniatis, 1989. Molecular 
Cloning: A Laboratory Manual. Cold Spring Harbor 
Laboratory Press, New York, USA. 
Syed-Shabthar, S.M.F., M.K.A. Rosli, N.A.A. Mohd-Zin, S.M.N. 
Romaino, Z.A. Fazly-Ann, M.C. O. Abas-Maszni, R. Zainuddin, 
S. Yaakop, and B.M. Md-Jain. 2013. The molecular phylogenetic 
signature of Bali cattle revealed by maternal and paternal 
markers. Mol. Biol. Rep. 40(8):5165-5176. 
Verkaar, E.L.C., H. Vervaecke, C. Roden, L. Romero-Mendoza, 
M.W. Barwegen, T. Susilawati, I.J. Nijman, and J.A. Lenstra. 
2003. Paternally inherited markers in bovine hybrid populations. 
Heredity. 91:565-569. 
Winaya, A.., I.D. Rahayu, M. Amin, and Herliantin. 2011. The 
genetic variation of Bali cattle (Bos javanicus) based on sex 
related y chromosome gene. Anim. Product. 13(3):150-155. 
 
Figure 3. Variation of SRY gene amongst Madura bull 
 
